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HEPATOCYTE GROWTH FACTOR (HGF) is a pleiotropic paracrine growth factor involved in wound healing and regeneration (6) , angiogenesis (5) , and regulation of organogenesis of the lung (31, 32) . HGF is produced and secreted by fibroblasts and acts via the c-met receptor, located mainly on epithelial cells, fulfilling important functions regarding the epithelial-mesenchymal cross talk (38) . During the process of wound healing, fibroblasts proliferate, and the levels of active HGF increase, subsequently stimulating the proliferation and migration of epithelial, as well as endothelial cells, leading to a hastened wound repair (4, 28) . HGF has also been shown to be a regulator of proteolytic enzymes, like matrix metalloproteinases and plasminogen activator, which might be involved in degradation of the temporary extracellular matrix (ECM) in physiological wound repair, leading to a restitutio ad integrum (6) .
In scarring lung diseases like human idiopathic pulmonary fibrosis (IPF), an impaired wound healing of the alveolar epithelium has been discussed to play a central role in the pathogenesis (14, 35) . Also, very recently, a reduced capacity to secrete active HGF has been observed in fibroblasts derived from lungs of IPF patients, further supporting the hypothesis of an impaired wound repair and pointing at the possibility that a lack of HGF might, in part, be responsible for the development of a fibrotic remodeling in the lung (23) . Thus use of HGF as a possible therapeutic option, either as recombinant HGF, or overexpression of the HGF gene in animal models of pulmonary fibrosis, has been successfully tested recently, giving strong evidence of HGF-induced alveolar epithelial repair and remodeling of lung parenchyma (12, 41, 42, 46) . The underlying mechanisms suggested include an increase in the proliferation and migration of alveolar epithelial type II (AECII) cells, an induction of apoptosis of myofibroblasts, and a degradation of ECM, accompanied by inhibition of transforming growth factor-␤1 (TGF-␤1) functions and upregulation of matrix metalloproteinases 2 and 9, as well as plasminogen activator (12, 25, 41) .
Our laboratory has previously established a technique of in vivo electroporation-mediated human HGF (hHGF) gene transfer to bleomycin-injured rat lungs, resulting in a sustained HGF gene expression by different cell types in the lung, which resulted in attenuation of the fibrotic process (12) . Since HGF is a mitogen, global overexpression raises some concerns. We modified the vector by placing the hHGF gene under the surfactant protein C promoter (pSp-C), thus achieving targeted cell-specific and sustained expression of hHGF only in AECII after in vivo electroporation. A marked reduction of pulmonary fibrosis, combined with a decreased level of TGF-␤1 and an increased expression of urokinase-type plasminogen activator, was observed (13) .
The fibrotic process within the lung in human IPF, as well as in the bleomycin-induced pulmonary fibrosis, is very heterogeneous, implying that cell-specific expression of HGF after electroporation exposes fibrotic and normal lung tissue to elevated HGF levels. However, until now, little is known about the morphological effects of an ectopic overexpression of HGF by AECII in the normal lung in vivo.
In vitro cell culture models demonstrated that HGF facilitates invasion of malignant cells by degradation of components of the basement membrane (including type IV colla-gen) (19) and inhibits the formation of the basal lamina (i.e., basement membrane without reticular lamina) by alveolar epithelial cells (10) .
Based on these findings, we hypothesized that targeted, cell-specific expression of the hHGF gene by AECII might induce a remodeling process in the healthy lung. To address this issue, we carried out a design-based stereological assessment of lung structure at the light and electron microscopic level after electroporation-mediated HGF gene transfer specifically to AECII. A resolution up to the electron microscopic level was inevitable to classify the basement membrane into its components, namely the basal lamina underneath the alveolar epithelium and the reticular lamina.
MATERIALS AND METHODS

Plasmids
The full-length sequence of hHGF gene was kindly provided by Toshikazu Nakamura, Osaka, Japan. The plasmid pSp-C-hHGF was constructed by inserting hHGF cDNA (2.1 kb) into the backbone of 3.7 kb of human pSp-C, rtTA coding sequence, and 0.45 kb SV40 small T interon and poly A (a gift from Dr. Jeffrey Whitsett, Children's Hospital Medical Center, Cincinnati, OH). As a result, the expression of hHGF gene was targeted only to AECII as surfactant protein C is specifically expressed by AECII. The empty vector containing only the pSp-C and no hHGF gene sequence served as control. Endotoxin-free plasmids were produced at large scale by Plasmid Factory (Bielefeld, Germany). For gene delivery, the plasmid was suspended in endotoxin-free water.
Animals
Adult male Fisher F344 rats (240 -280 g) were obtained from Charles River Laboratories (Sulzfeld, Germany). Before intratracheal plasmid application, the animals were randomly divided into two groups (each n ϭ 5). The first group received the empty vector (pSp-C) and served as control. The other group was treated with the plasmid containing the hHGF sequence, pSp-C-hHGF. Experiments were performed in accordance to the standards of the European Convention of Animal Care. The study protocol was approved by the University of Bern Animal Study Committee.
In Vivo hHGF Gene Transfer by Electroporation
At day 1 of the protocol, the animals were 12 wk old. Both groups were instilled intratracheally with either hHGF sequence (pSp-ChHGF) or empty vector (pSp-C) containing pure plasmid in a volume of 350 l (1 g/l), followed by in vivo electroporation-mediated gene transfer. For gene transfer, the animals were preanesthetized in a glass chamber with isoflurane, intubated with a 14GA catheter (Insyte, Madrid, Spain), and ventilated with inspired O 2 fraction ϭ 1.0 and 1.5% isoflurane to maintain anesthesia. The breathing frequency was 100 breaths/min, and the tidal volume was 10 ml/kg body wt using a rodent ventilator (model 683 Harvard Apparatus, South Natick, MA); this was for a very short duration, not exceeding 2 min, just to check the placement of the tube and instillation of the plasmid. Pediatric cutaneous pacemaker electrodes (Nessler Medizin Technik, Innsbruck, Austria) were placed on either side of the chest under the forelimbs using a small amount of jelly after the animals were shaved on the chest. After the electrodes were stabilized, pSpC-hHGF (350 l, 1 g/l dissolved in endotoxin-free water) or empty vector (pSpC, same volume and concentration as above) was instilled intratracheally, followed by a series of eight square-wave electric pulses (200 V/cm for 20 ms each), which were delivered using a pulse generator (Inovio, Oslo, Norway) (11-13). The animals were disconnected from the ventilator immediately after intratracheal instillation and allowed to recover and returned to their habitation.
Assessment
Thirty days after hHGF gene transfer, the animals were anesthetized using 4% isoflurane and killed by intraperitoneal administration of thiopental (50 mg/kg body wt). The animals were ventilated via a tracheotomy with the Harvard Rodent Ventilator (inspired O 2 fraction ϭ 1.0, a frequency of 100 breaths/min, and a tidal volume of 10 ml/kg). For microscopic and stereological analysis, the heart-lung block was explanted, and the right lung was fixed by airway instillation with 0.1% glutaraldehyde, 4% paraformaldehyde in 0.2 HEPES buffer, applying a constant instillation pressure of 20 cmH 2O. The left lung was snap frozen for biochemical analysis.
Tissue sampling and processing. All applied methods to quantify pulmonary structures were based on the recently published American Thoracic Society/European Respiratory Society guidelines (17) . The reference volume for all further stereological measurements, the total lung volume [V(lung)], was determined by means of fluid displacement (34), followed by a systematic uniform random sampling to obtain four to five tissue blocks for light and electron microscopy each (29) . The remaining lung tissue was used for immunohistochemistry.
Tissue blocks designated for light microscopy were embedded in glycol methacrylate (Technovit 8100; Heraeus Kulzer, Wehrheim, Germany), whereas those assigned to electron microscopy were embedded in Epon, according to established methods (27) . For immunohistochemistry, tissue blocks were also embedded in glycol methacrylate, but postfixation with osmium was not performed to maintain antigen properties. For light microscopic evaluation, slices of 1.5-m thickness were cut, and the first and the fourth of a consecutive row of sections were mounted on one glass slide and stained with toluidine blue. Epon-embedded tissue blocks were used to cut 1-m-thick semithin sections, and the first and the fourth section were also mounted on one glass slide and stained with toluidine blue. Ultrathin section of a thickness of ϳ70 nm were cut and used for electron microscopic evaluation.
Quantitative RT-PCR for hHGF. The rat lungs were snap frozen immediately after excision, and RNA was extracted using Trizol reagent (Invitrogen), following the manufacturer's protocol. Briefly, ϳ100 mg of lungs were homogenized in 1 ml of Trizol reagent, followed by RNA precipitation. cDNA was synthesized using Omniscript RT kit (Qiagen). RT-PCR was performed with 7500 FAST real-time PCR system (Applied Biosystems) using FASTSYBER Green Master Mix (Applied Biosystems), using the following primers combination (National Center for Biotechnology Information reference sequence NM_001010933.1): hHGF forward 5=GGTGTTT-TACCACTGATC 3= and hHGF reverse 5=CCAGAAGATATGAC-GATGTA 3=. 18S was used as a housekeeping control and relative hHGF expression level was given as 2
ϪooCP (delta delta crossing point).
Immunohistochemistry for hHGF. Sections were incubated at 37°C for 7 min in 0.01% trypsin. Afterwards, sections were blocked with 0.06% hydroxyperoxide and normal donkey serum. Using a polyclonal anti human HGF IgG antibody (host: goat; R&D Systems, Minneapolis, MN) and a concentration of 1:100, sections were incubated overnight at 4°C. The secondary antibody was a biotin-conjugated donkey-anti-goat antibody (Dianova, Hamburg, Germany) and applied at a concentration of 1:200 at room temperature for 60 min. Streptavidin-horseradish peroxidase 1:200 and diaminobenzidine were used as a detection system. A counterstaining with hematoxylin was performed.
Stereological analysis. Stereological analysis has been performed using a light microscope (Olympus BX2, Olympus America) equipped with a motorized x-y stage, as well as a newCAST software (Visiopharm A/S, Hørsholm, Denmark). By means of systematic uniform random area sampling, test systems were projected on randomized fields of view, and test points falling on the structure of interest and on the reference volume were counted, allowing the calculation of the volume fraction of the structure of interest within the reference volume. As the reference volume was known, total volumes could be determined by multiplication of the volume fraction and the reference volume. At low magnification, the volume fraction of the parenchyma within the lung was determined. In a second step, the volume fractions of the components of lung parenchyma were determined by means of point counting, including, e.g., the volume fractions of alveolar air space, ductal air space, and septal wall tissue (29) . In addition, using randomized test lines for intersection counting, the surface area of the alveolar epithelium [S(alvepi,lung)] was determined (21) . Furthermore, the total number of alveoli, as well as the number-weighted mean volume of alveoli [v N(alv)] were calculated by applying the physical disector (18, 30, 37) . The semithin sections were used to determine the number of AECII per lung, as well as their individual volume, according to established methods (20) .
For ultrastructural analysis, a systematic uniform random area sampling was carried out to obtain ϳ100 randomized fields of view distributed over four sections per lung for assessment of the components of the alveolar septal walls, as well as the AECII. A transmission electron microscope (Morgagni, FEI, Eindhoven, the Netherlands) equipped with a digital camera (Morada, Olympus Soft Imaging Systems, Münster, Germany) was applied. Using the STEPanizer online tool (39) , unbiased test systems were superimposed on the sampled images, and test points falling on the structure of interest as well as on the reference volume (e.g., septal wall tissue and AECII) were counted. Within the septal wall tissue, the volume fractions of the alveolar epithelium, the collagen fibrils, the elastic fibrils, the residual ECM (rECM), including the basal lamina and amorphous matrix, the interstitial cells, the capillary endothelium, and the capillary lumen were determined by means of point counting. Figure 2 demonstrates examples of the different components of the septal wall that were quantified. As the reference volume, the total volume of septal wall tissue per lung, was known from light microscopic evaluation, volume fractions were converted into total volumes. To determine the arithmetic mean thickness of the blood-gas barrier, as well as the surface area of the capillary endothelium, an additional intersection counting using test lines was performed (43) .
Statistical Analysis
Statistical evaluation was carried out using GraphPad Prism 5.02 (Software MacKiev). Differences between the two groups under study were analyzed for statistical significance using a t-test. Correlation analyses were performed applying a Spearman test. A linear regression of the correlation was added in case of statistical significance of the correlation. The level of significance in all cases was 0.05. Figure 1 illustrates the hHGF expression at RNA level (Fig.  1A) and the immunohistochemical localization of hHGF-positive cells (Fig. 1B) . Thirty days after gene transfer, some, but not all, alveolar type II cells stained positive for hHGF.
RESULTS
Detection of hHGF
RT-PCR results demonstrate low, yet detectable, levels of hHGF in the rat lungs (Fig. 1A) . The RNA for analysis was isolated from whole lung homogenate, meaning that the RNA originated from all kinds of cells within the lung. The results were compared with RNA extracted from hHGF-transfected A549 cells (positive control). After gene transfer, only one cell type within the lung, the AECII cell, expressed hHGF, so that the expression level compared with the positive control was, as expected, very low. Thus the comparable low expression level reflects the specific expression by only one cell type. Previous analysis using costaining with alveolar type II cell-specific surfactant protein C and hHGF demonstrated that expression was cell specific. One week after gene transfer, our laboratory's previous study demonstrated that ϳ30% of the alveolar epithelium covered by alveolar type II cells stained positive for hHGF (13) . Figure 2 demonstrates representative light microscopic findings of the control (A) and HGF-treated group (B). The distal air spaces were well inflated in both groups, with normal appearing alveolar architecture and slim septal walls. In the HGF group, the distal air spaces appeared to be somewhat enlarged in some regions.
Qualitative Findings
However, at the electron microscopic level, the septal walls appeared to contain a higher fraction of capillaries in the HGF group (Fig. 3, B and D) compared with control (Fig. 3, A and C) . In some regions, the basal lamina seemed to be thinner in the HGF group (Fig. 4B ) compared with the control group (Fig. 4A) . However, the interpretation of this observation is difficult, as the thickness of the basal lamina varied between regions, reflecting either real differences in the thickness, or differences related to the section plane. This fact underscored the need for an unbiased stereological analysis, where the volume of the rECM, which consists of the basal lamina and amorphous matrix, was determined. From a qualitative point of view, the collagen and elastic fibers did not appear to be altered in the HGF group, meaning that no increased fragmentation or differences considering the amount could be found.
Both at light and electron microscopic level, there were no differences regarding the profile size and profile frequency of AECII in the HGF group compared with the control group, so that neither hypertrophy nor hyperplasia of this cell type could be observed. Moreover, the ultrastructure of the AECII in the HGF group (Fig. 5B) did not differ from that of the control group (Fig. 5A ), meaning that, in particular, the appearance of the lamellar bodies, the storing organelle of the surfactant HGF group (B) . The distal air spaces seem to be somewhat enlarged in the HGF group.
Fig. 3. Representative electron microscopic images of control group (A and C) and HGF group (B and D).
Aside from widened capillaries (cap) in some regions of the HGF group, there were no obvious differences regarding interstitial tissue. In particular, collagen (coll) and elastin (el) fibrils were present at the typical location, e.g., the "thick" side of the septal wall. Extracellular matrix (ECM), which was neither collagen fibrils nor elastic fibers, was quantitated as residual ECM (rECM). The basal lamina (bl) is a major component of the rECM. In addition, interstitial cells (ic), endothelial cells (endo), and alveolar epithelial cells (alvepi) demonstrated no apparent differences. material, was not altered. Based on ultrastructural criteria, neither apoptotic nor necrotic cells were observed within the septal walls after gene transfer.
Quantitative Stereological Analyses
Stereological data regarding the general lung architecture are summarized in Table 1 . The V(lung) was significantly increased in the HGF group compared with the control. Further analyses of the components of the lung parenchyma demonstrated that this increase in V(lung) was a consequence of an increased volume of alveolar air spaces [V(alvair,lung)], whereas the total volume of the septal walls did not differ between these two groups. In addition, a slight, but significant, increase of the total surface area of alveolar epithelium per lung was found in the HGF group, whereas the arithmetic mean thickness of the septal walls was unchanged. To evaluate if a de novo alveolarization might be responsible for the increase in the S(alvepi,lung), the total number of alveoli and the v N (alv) were determined. The number of alveoli per lung did not differ between these two groups, so that a formation of new alveoli as a result of the HGF gene expression could be excluded. This was in line with the unchanged total volume of the septal wall, which would have been increased in case of a de novo alveolarization. However, the v N (alv) was increased by trend, so that the increased surface area per lung was a result of an increased surface area per alveolus, rather than an increased number of alveoli per lung.
Stereological data showing the composition of the septal wall tissue, as well as the blood-gas barrier, are presented in Table 2 . A remarkable shift of the components of the septal wall tissue could be found after long-term HGF expression. Whereas the total volume of the capillary lumen was more than doubled in the HGF group, the total volume of the rECM, which forms, e.g., the basal lamina of the alveolar epithelium, as well as the total volume of interstitial cells was significantly reduced. Other components of the interstitial tissue, including the volume of collagen fibrils and elastin, on the other hand, were virtually unchanged. Furthermore, the total volume of alveolar epithelial cells was markedly reduced, and the total volume of endothelial cells was slightly reduced in the HGF group compared with the control group. The total surface area of the endothelial cells was unaffected by the cell-specific expression of HGF. These alterations in the composition of the septal wall tissue resulted in a significant reduction of the arithmetic mean thickness of the blood-gas barrier in the HGF group compared with the control group.
Correlation analysis relating data from the light microscopic level to data obtained at the ultrastructural level are shown in Fig. 6, A and B . Negative correlations could be observed between the total volume of the rECM within the septal walls Fig. 4 . Representative electron microscopic images of control group (A) and HGF group (B). In the HGF group, the basal lamina appeared to be remarkably thin in some regions, whereas in others it was normal. and the total V(alvair,lung), as well as the total S(alvepi,lung): the lower the content of rECM within the septal walls, the higher the V(alvair,lung) and the S(alvepi,lung). In addition, a strong positive correlation was seen between the total volumes of rECM and interstitial cells within septal walls (Fig. 6C) .
As all lungs were fixed with the same hydrostatic instillation pressure of 20 cmH 2 O, these data suggest that the increased V(lung) and the increased surface area result from a more pronounced stretching of the distal air spaces in the HGF group. This appears to be a consequence of changes of the amount of the rECM in the septal wall tissue determining the degree the distal air spaces can be stretched with fixative at a given hydrostatic pressure.
Data with respect to AECII and the intracellular surfactant pool are summarized in Table 3 . No differences in number of AECII per lung or number-weighted mean volume of AECII were found. The intracellular surfactant pool, defined as the total amount of the lamellar bodies, was unchanged in the HGF group. In conclusion, HGF-specific expression by AECII leads neither to a hyperplasia, nor to a hypertrophy of AECII. In addition, an inhibitory effect of HGF on surfactant synthesis observed in cell culture studies (40) could not be confirmed at the structural level in vivo.
DISCUSSION
HGF plays an important role during lung development, including the branching morphogenesis of the airway tree, the early alveolarization, and in lung regeneration after lung injury (31, 32) . The targeted, cell-specific transfer of the hHGF gene to AECII has been shown to attenuate pulmonary fibrosis induced by bleomycin in the rat (13) . Until now, little is known regarding the in vivo effects of the ectopic production of HGF by AECII in the healthy lung. Since bleomycin-induced pulmonary fibrosis in animal models has a very heterogeneous distribution pattern with normal appearing lung architecture interposing pathological areas, effects of HGF expressed by AECII in the healthy lung are of special interest. Hence, to understand these effects, in vivo electroporation-mediated gene transfer of hHGF under control of pSp-C was performed (11) (12) (13) , and lungs were subjected to design-based stereology. Under physiological conditions, HGF is produced by fibroblasts and acts on the AECII via the c-met receptor (24) . It has recently been shown that fibroblasts from fibrotic lungs fail to produce biologically relevant levels of HGF (23, 33) ; thus the potency of HGF as an anti-fibrotic agent has been addressed in animal models of pulmonary fibrosis. The anti-fibrotic properties of HGF have, at least in part, been assigned to antagonism reduction of profibrotic TGF-␤1 (10, 12, 36) . The expression system of HGF used in the present study has been shown to reduce the level of TGF-␤1 and increase the expression of urokinase-type plasminogen activator in a model of pulmonary fibrosis (13) . However, both TGF-␤1 signaling and plasminogen/plasmin have been shown to be critical for the regulation of the homeostasis of the interstitial tissue in the lung (16, 26) . In addition, in vitro studies provided evidence that HGF hampered the formation of the basal lamina composed of ECM by alveolar epithelial cells and shifted the turnover toward degradation (10). Thus we hypothesized that the ectopic expression of the hHGF gene induces a pulmonary remodeling process within the septal wall tissue in the healthy lung. Thirty days after gene transfer, hHGF expression within lung homogenates could be detected at the RNA level. However, compared with a positive control of hHGF gene-transfected A549 cells, the expression level in lung homogenate was Ͻ10%. The RNA extracted from lung homogenate originated from different cell types of lung parenchyma and nonparenchyma taken together. In view of the fact that, e.g., according to our stereological data, the volume of the alveolar epithelium (type I and II cells taken together) represented ϳ35% of the cellular components within the septal walls, this finding was not surprising. Although the expression level of hHGF was apparently quite low, reflecting the cell-specific gene expression at that late time point after gene transfer, a clear impact on the lung structure could be shown.
Using a design-based stereological approach at the light and electron microscopic level, we observed that the lungs expressing the hHGF gene specifically in AECII had increased alveolar epithelial surface areas and larger V(lung) values, being a consequence of an increase in the volume of the distal air spaces. The number of alveoli, as well as the total volume of septal wall tissue, did not differ between these two groups, so that a HGF-induced de novo alveolarization, as well as a development of pulmonary emphysema, which would result in a destruction of septal walls, could be excluded.
The detailed evaluation of alterations of collagen and elastic fibers, as well as the rECM, required electron microscopic resolution combined with design-based stereology. At the electron microscopic level, changes of the composition of the septal wall tissue were prominent findings. The total volumes of the rECM, which includes the basal lamina, as well as the total volume of interstitial cells, were reduced, whereas the total volume of the capillary lumen was increased. As the total volume of endothelial cells, as well as their total surface area, was not increased, angiogenesis could be excluded to be responsible for this observation, meaning that the capillaries were filled to a higher degree in the HGF group. Both the total volume of distal air spaces and the S (alvepi, lung) were increased after HGF gene transfer and showed a significant and strong correlation with the total amount of the rECM within the septal walls. Taking under consideration that all lungs were fixed with the same instillation pressure, these findings provide indirect evidence that HGF altered the mechanical properties of lung tissue, allowing a more pronounced stretching and filling of the distal air spaces at a given hydrostatic instillation pressure. The negative correlation between the volume of distal air spaces and the amount of rECM is in favor of the hypothesis that a loss of rECM appears to be responsible for these alterations in mechanical properties. Moreover, these data are in line with the notion that components of ECM other than collagen and elastic fibers add important features to pulmonary mechanics (22, 44) , at least in the saline-or fixative-filled lung. During normal breathing of an air-filled lung, a complex network of axial and peripheral fibers (e.g., containing collagen fibrils and elastic fibers) is the most important stress-bearing tissue element (2, 45) . In a saline-filled lung, however, the surface tension at the air-liquid interface is abrogated, and connective tissue elements, including the axial connective tissue fibers, appear to be in a resting state (15) . In the present study, the total volumes of collagen fibers and elastic fibers were, unlike the rECM, unaffected by the HGF expression. However, the unaltered volume of the elastic and collagen fibers cannot rule out changes regarding the functional orientation or the occurrence of breaks within these fiber networks, which can also introduce alterations of the mechanical properties (1). Within septal wall tissue, the rECM includes, above all, the basal lamina of the alveolar epithelium, which appeared to be thinned in some regions after HGF gene transfer from a qualitative point of view. Based on indirect findings, the basal lamina has been discussed to be a very important stress-bearing element of the blood-gas barrier coping with linear tension in the alveolar wall during lung inflation, as well as transmural pressure within the capillaries (22) . Thus a HGF-induced reduction of the amount of the basal lamina, resulting, e.g., from an increased degradation of components of the rECM, is likely to be responsible for a more pronounced filling of distal air spaces during instillation fixation. Moreover, the increased surface area of alveolar epithelium is a consequence of a stretching rather than a growth of new septal walls.
In vitro studies provided evidence that alveolar epithelial cells, in collaboration with pulmonary fibroblasts, are responsible for the formation of the basal lamina, producing, among others, laminin-1 and type IV collagen (8, 9) . The turnover of the components of the basal lamina is regulated by, e.g., growth factors, including TGF-␤1 and matrix metalloproteinases-2 and -9, whose levels are modified by HGF, leading to a shift of the turnover toward degradation (3, 7, 10) . Taken together, the in vivo data presented in this study are in line with the in vitro data showing that HGF reduces the amount of components of the ECM (10). However, the mechanisms leading to these changes in vivo need further investigations.
Conclusions
We provide evidence that the targeted expression of hHGF in AECII under the control of the pSp-C leads to a remodeling within the septal wall tissue of the healthy lung. The total volume of the rECM forming the basal lamina, as well as the volume of interstitial cells, decline, while the total amounts of collagen fibrils, as well as elastic fibers, remain stable. These alterations of the composition of the septal wall tissue appear to allow a more pronounced stretching of the distal air spaces during instillation fixation, suggesting a relevant role of com- ponents of the ECM other than collagen fibrils and elastic fibers with respect to lung mechanics and stability.
